Electrophysiological studies were carried out in 7 subjects with angiographically proven ventricular inversion in order to determine if this technique could be used in the study of arrhythmias in such subjects. Three subjects with normal PR intervals on the electrocardiogram had normal low right atrium to His (LRA-H) and His to ventricle (HV) intervals at rest. With atrial pacing, I of these 3 with normal PR interval developed Mobitz II second-degree atrioventricular block. Of 2 subjects with first-degree atrioventricular block r was found to have prolonged LRA-H and HV intervals, and the other had only LRA-H prolongation. In both subjects with complete atrioventricular block, the block was below the His bundle recording site. One of these patients with complete A V block was found to be able to conduct through his A V conducting system during the supernormal period. This study found that useful information can be obtained by recording the His bundle potential in patients with ventricular inversion. Conduction abnormalities were found from the A V node through the His-Purkinje system. This technique may be useful in making clinical decisions in patients with ventricular inversion and complex arrhythmias.
Ventricular inversion with a laevo-transposition of the great arteries usually occurs with one or more intracardiac anomalies and in 30 to 6o per cent of the cases, an atrioventricular conduction disturbance is present at birth or develops later (Walker et al., I958) . Complete atrioventricular block, one of the frequent arrhythmias (Walker et al., I958), may be a major factor in the morbidity and mortality in these patients, sometimes necessitating an artificial pacemaker. In evaluation of patients with atrioventricular conduction disturbances from several causes, the bundle of His electrogram has proved to be a helpful new technique (Scherlag et system as well as other anomalies in the structure and course of the AV node, His bundle, and bundlebranches (Lev, Licata, and May, I963; Hudson, I970) . Wolff, Freed, and Ellison (1973) have reported success in only 2 of 8 patients with ventricular inversion in whom they attempted to record His bundle electrograms.
The purpose of this study was to evaluate the technique of His bundle recording in the study of atrioventricular conduction in patients with ventricular inversion in sinus rhythm as well as with partial and complete AV block.
Subjects and methods
The His bundle potential was recorded in 7 patients with ventricular inversion during diagnostic cardiac catheterization, using the percutaneous sheath femoral vein approach. The patients were sedated with meperidine, promethazine, and chlorpromazine. None was receiving digitalis or other cardioactive medications. Biand tripolar electrode catheters were used with interelectrode distances of either 2 or IO mm. The technique was the same as that used in subjects with non-inverted ventricles. The tip of the catheter was positioned in the apex of the right-sided morphological left ventricle and withdrawn with clockwise rotation (Narula et al., I971 Table. Three subjects were in sinus rhythm with normal PR interval and normal QRS duration at the time of electrophysiological study (Cases I, 5, and 7). In them normal resting LRA-H and HV intervals were found (Fig. i) . Case 5, who had recently recovered from surgical complete atrioventricular block, was stressed by atrial pacing to a rate of 133. Repeatedly at this rate he developed Mobitz II second-degree block by suddenly dropping a beat. The block was between the His and left bundlebranch potential (Fig. 2) .
Two subjects in sinus rhythm showed firstdegree atrioventricular block at the time of study (Cases 3 and 6). Case 3, whose surface electrocardiogram showed a complete bundle-branch block pattem (Fig. 3) demonstrated both LRA-H and HV prolongation on his His bundle electrogram (Fig. 4) . When the catheter was advanced slightly farther into the right-sided ventricle, the His potential was much less well recorded, but a discrete potential could be seen after each ventricular depolarization (Fig. 5 ). The second subject (Case 6) with first-degree atrioventricular block had a normal QRS duration and showed only LRA-H prolongation. At the time of study, two subjects were felt to be in complete atrioventricular block (Cases 2 and 4). Both had documentation of their complete atrioventricular block at the time of their first electrocardiogram which was taken in the first year of life (Fig. 6 ). Neither had any history of Adams-Stokes attacks. Both had incomplete bundle-branch block of their QRS complexes. In both of these subjects the maximal block was found below the site at which the His potential was recorded ( Fig. 7 and 8) . The LRA-H interval was found to be prolonged in both subjects also.
On the tracings from Case 2, His potentials were seen only after atrial depolarizations which followed the preceding ventricular depolarization by more than 500 msec (Fig. 7) . Two successive ventricular depolarizations were seen to follow atrial depolarizations which came close to 500 msec after the preceding ventricular depolarization (Fig.  8) . Case 4 showed two sharp discrete potentials not associated with surface activity. One was temporally related to the low right atrial potential (H1), following it by I20 msec. The second followed the ventricular depolarization by I50 msec (H2) (Fig. 9) the non-blocked interval in our 2 patients favours the fact that the disease process in these patients is more widespread than in most other patients with conduction disturbances.
Our study demonstrates that in patients with ventricular inversion, as in other forms of congenital heart disease and in basically normal hearts, His bundle electrocardiography is often necessary to delineate the site of slowed or blocked conduction. It has been previously shown that in patients with congenital heart block who demonstrate narrow QRS complexes, the site of block is usually above the His potential (Rosen et al., I97I) . These studies did not contain any subjects with ventricular inversion. The 2 subjects in this study with complete heart block and similar electrocardiograms were found to have their block below the H potential. This fact could not have been shown without intracardiac recordings. One previous report of His bundle studies in a patient with ventricular inversion also produced unusual findings (Mobitz II block above the H) (Rosen et al., 197I a, b) .
In Case 2 analysis of the His bundle electrograms showed that a His potential was seen only after atrial depolarizations which were greater than 5oõ~~~~~o careful search of the electrograms demonstrated two conducted sinus beats (Fig. 8) . That they are conducted beats is favoured by the following: i) they were too early to be the regular ventricular rhythm; 2) they follow a normal sinus P wave; 3) they occur only when the atrial depolarization fell close to 5oo msec after a ventricular depolarization, i.e. the supranormal period of the retrograde depolarization of the bundle of His. The fact that this subject did have some conduction through his bundle of His and atrioventricular node might make it necessary to use a demand rather than a fixed rate pacemaker in him if he became symptomatic. The His bundle recordings in Case 3 were important in two ways. They showed that he had advanced conduction system disease both in the AV junction and below. With this advance knowledge, a pacemaker could be inserted at the first sign of AdamsStokes attacks. They also warned of the possibility of re-entry tachycardia by demonstrating the spontaneous atial echo beat (Fig. 5) . That this is an atrial echo beat is favoured by the following: I) it is early; 2) its vector is reversed from the sinus P wave; 3) the low atrial electrogram precedes the beginning of the P wave; 4) there is a retrograde conduction system potential after each V electrogram and the V-LBR interval slowly prolongs until the echo beat occurs. The proposed course of re-entry in this case is atrium, atrioventricular node, His bundle, right bundle-branch, ventricular myocardium, left bundle-branch, His bundle, atrioventricular node, atrium.
The His bundle recordings in Case 4 provided strong evidence that the block was in the bundle of His. Two separate 'His' potentials could be recorded with the catheter in one position, one associated with atrial and one with ventricular depolarization. It is postulated that the second His (H2) was activated in a retrograde fashion by an impulse that originates in the ventricular specialized conduction system. To produce a narrow QRS with no preceding His potential but followed after I50 msec by a retrograde His potential, the right bundlebranch and left anterior fascicle would have to be activated normally followed by retrograde activation of the bundle of His by way of the ventricular myocardium. The complete findings in this subject could be explained by a block in the common bundle before the take-off of the left posterior division and one slightly below this which preserved continuity between the left anterior division and the right bundle-branch (Fig. io) .
Conclusions His bundle recordings have been possible and helpful in studying the electrophysiology of ventricular inversion. It was found possible to have normal conduction intervals in association with ventricular inversion, possibly indicating that the frequent conduction abnormalities seen in this defect are not an inherent part of it. Many different areas of slowed or blocked conduction were found and these could only be accurately identified by the intracardiac recordings. The studies show potential usefulness in managing patients with ventricular inversion.
